ABSTRACT
INTRODUCTION
Magnesium aluminate (MgAl2O4, also known as spinel) is primarily used as a refractory material (1) (2) (3) and has great potential as a transparent lightweight armor (4) .
MgAl2O4 possesses superior mechanical properties, such as high elastic modulus (273 GPa) and flexural strength (110 MPa), associated with low density (3.58 g/cm 3 ), low reflection index (1.736), high optical transmission in visible and mid-wavelength infrared spectra (0.2-5.5μm), and no optical anisotropy due to its cubic structure (5) . MgAl2O4 is isostructural to gamma-alumina, and so suitable for catalytic applications (6) (7) (8) (9) but with the advantage of being more stable at high temperatures, since transition to alpha phase is not a concern.
Spinel nanoparticles have been previously prepared by different methods (6) However, a continuous, scalable, and versatile process for the preparation of doped MgAl2O4 still remain as a challenge for expanding applications. Among the usual synthesis routes used to produce nano-oxides, Ultrasonic Spray Pyrolysis (USP) has been successfully employed to synthesize nanoparticles as solid and hollow spheres, nanowires, nanoribbons and nanorods (10) (11) (12) (13) (14) . In this work we demonstrate the potential of USP to produce doped spinel in a continuous setup. Porous micrometric spheres of CaO-doped MgAl2O4 with crystallite size in the range from 5-10 nm and specific surface areas from 76 to 101 m 2 .g -1 were produced as soft spherical agglomerates of ~1 μm. 
EXPERIMENTAL

Powder synthesis
Characterization
The powder was characterized by specific surface area (SSA) measurements (Micromeritics Gemini III 2375 Surface Area Analyzer) and by X-ray diffraction (X-ray Diffractometer MPD 1880 with Cu K radiation). From the X-ray diffraction results, the crystallites diameters (d) were estimated by Scherrer's equation using the full width at half maximum (FWHM) of the most intense peak (311). The chemical composition of the products was analyzed using an X-ray fluorescence spectrometer (PANalytical MagixPro), the powder microscopy using a Scanning Electron Microscope (Philips XL Similar behavior has been previously observed for a large number of systems and different chemical synthesis processes and is likely associated with the dopant segregation onto nanopowders surfaces, with the consequent kinetic reduction of particle growth due to the surface energy decrease (15) (16) (17) .
The relatively high SSA values are in accordance with the small crystallite sizes (Tab.I). However, the SSA is observed to decrease with increasing CaO content, in contrast to the crystallite size trend. This is likely due to partial sintering during USP, leading to grain boundary formation and consequent surface area decrease. CaO is a very efficient additive for MgAl2O4 sintering (18) (19) , and should allow sintering activation at the used USP temperature (1100 °C).
The nanocrystals of MgAl2O4 were formed after evaporation of the solvent from the solution droplets and the subsequent decomposition of precursors. Therefore, it is expected that the agglomeration of nanoparticles preserve the sphericity of the droplets.
The MgAl2O4 agglomerates are spherical as observed by SEM (Fig. 3) . Differently from the crystallite sizes, the agglomerate sizes seems to be independent of the CaO concentration and the size distribution seems to be very similar (Fig. 3) . This suggests that the chemistry of the liquid precursor does not affect significantly the size of the droplets generated by the nebulizer.
TEM images of the undoped MgAl2O4 nanoparticles agglomerates are shown in 
